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GFE 
GUIDANCE, NAVIGATION, AND CONTROL 

PERFORMANCE AND INTERFACE 
SPECIFICATION 

BLOCK I1 

1.0 SCOPE 

1.1 Scope. - This specification defines performance and interface require- 
mentsrthe Guidance, Navigation, and Control ( GNaCC) subsystem in all 
areas where the characteristics and capabilities of that subsystem place 
any design constraints on the Command and Service Module (CSM) o r  any of 
Its other subsystems. 

Performance characteristics of the Launch Vehicle and other items of 
Government Furnished Equipment (GFE) with which the design of the GNW 
subsystem shall be compatible are also specified. 

1.2 Objective. - The objective of this specification is to provide the 
base =requirements for the GNW subsystem supporting the CSM - Block I1 
and its associated subsystems. 

I_. 

2.0 APPLICABLE DOCUMENTS 

The following documents, of exact issue shown form a part of this specifi- 
cation to the extent specified herein and/or in the referenced Interface 
Control Documents ( ICD' s) .  

0 

2.1 
indicates that f'urther review and mutual agreement is required prior to 
incorporation of the document into this specification. 

Project Documents. - The asterisk ( * )  adjacent to a document number 

SPECIFICATIONS 

Military 

MIL-1-26600( 2 ) 
9 1960 

Interference Control Requirements, 
Aeronautical Equipment ( As amended 
by MSC-ASPO-EMI-1OA) 

National Aeronautics and Space Administration (NASA) 

MSFC 1OM01071 
6 March lghl 

Environmental Protection When Using 
Electrical Equipnent Within the Areas 
of Saturn Complexes Where Hazardous 
Areas Exist, Procedure for 

MSC-ASPO-E1MI-lOA Addendum to MIL-I-26600( 2 ) 

1 
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MSFC-PROC-158A 
12 April 1962 

*MSC (TED)** 

Soldering Electrical Connectors 
(High Reliability) Procedure for 
(As amended by MSC-ASPO-S-5B, 
dated 10 February 1964 

Design Reference Mission I, Apollo 
Mission Planning Task Force 

North American Aviation, Inc./Space and Information Systems Division 
ID 1 

SID 6h-1344 
Revised 22 February 1965 

CSM Technical Specification - 
Block X I  

SID fJ+-l3h5 
Revised 22 February 1.965 

E X  Master End Item Specification - 
3loclr I1 

Massachusetts Institute of Technology/Inst,rumentation Laboratory 
m / I n s t .  Lab.) 

*kIT/Inst. Lab. (TED) Apollo Guidance, Navigation, an6 Control 
Technical Speciffcation - Block I1 

*PS 2015000 
( YBD ) 

DRAWINGS 

Not Applicable 

STANDMDS 

Military 

NS-3358hA 
16 December 1958 

OTHER PUBLICATIONS 

~~01-01348-416 
16 July 1965 

MHO1-01356-416 
16 July 1965 

**To be determined. 

Awl10 Guidance anci PJavigation 
Equipment Master End Item Speci- 
ficaticn - Block I1 

Metals; Definitions of dissimilar 

Guidance and Navigation Environ- 
mental Requirements 

Weights 

2 
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2.2 
requtrementa shall be as follows for NAA/S&ID and MIT respectively: 

Precedence. - The orders of precedence i n  the instance of conflicting 

i 
NAA/S&ID 

a. The Contract, NAS9-150 
c 

b. SID 64-1344, CSM Technical Specification - Block I1 

c. This Specification 

d. SID 64-1345, CSM Master End Item Specification - Block I1 

e. Other documents referenced herein 

MIT/Inst. Lab. 

a. The Contract, NASg-4810 

b.  MIT/Inst. Lab. Apollo Guidance, Navigation and Control 
Technical Specification - Block I1 

c. This Specification 

d. PS 2015000, Apollo Guidance and Navigation Equipment Master 
End I t e m  Specification - Block I1 

e. Other documents referenced herein 

2.3 
of approval by Supplemental Agreement t o  Contract NASg-1% by the NASA. 

Effectivity.  - The effect ivi ty  of t h i s  specification shall be the date 

3 
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\ r 
3.0 REQUIREMENTS 

The GNU subsystem functional requirements are defined i n  3.1.1. Unless 
othemise stated, a l l  performance requirements are defined i n  3.1.1.2 and 
are specified w i t h  respect t o  the NASA Design Reference Mission I as de- 
l ineated i n  NASA Document, (TBD) . 
3.1 Guidance, Navigation, Control, Flmctional and Performance 
Requirements. - The GN&C shall provide the functions necessary f o r  perform- 
ance of the guidance, navigation, and control tasks  f o r  a manned lunar land- 
ing mission and for  aborts from such a mission. 

'Q 

I 

3 . 1 . 1  General Functional Requirements. - This section establishes and 
defines the guidance and navigation phases tha t  sha l l  be required of the - 

Block I1 GN&c equipment. 
are t o  provide: 

The generai functional requirements of the GN&C 

a. 

b. 

C. 

d. 

e. 

f .  

g. 

h. 

The primary reference f o r  spacecraft (SC) guidance and control, 
including the  means t o  manually o r  automatically update th i s  
i n e r t i a l  reference with star sightings. 

The primary guidance, navigation, and control capabili ty f o r  a l l  
SC thrusting and a t t i tude  maneuvers under control of CSM propul- 
s ion units. 

A self-contained opt ics- iner t ia l  navigation capabili ty which 
w i l l  be the primary navigation data source during lunar o rb i t  and 
available as a backup during other coasting phases. 

A means of u t i l i z ing  primary navigation data supplied v i a  up- 
data l i n k  i n  order t o  compute the  required guidance commands t o  
the control subsystem. 

A backup opt ica l  a t t i tude  reference with regard t o  i n e r t i a l  
s p c e ,  required t o  manually or ient  the SC i n  accordance with 
instructions received from the ground v i a  up-data l ink and/or 
voice. 

Displays and controls required t o  operate the on board GN&C 
e q u i p n t  and t o  indicate s t a tus  thereof. 

SC state vector data t o  the telemetry subsystem f o r  transmission 
t o  Clear Lake Mission Control Center (CIMCC) . 
Launch vehicle GN&C monitoring signals f o r  the Emergency Detection 
Subsystem (EDS) . 

4 
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i. 

j. 

k. 

1. 

m. 

n. 

0 .  

P. 

9. 

r. 

Discrete signals as required t o  support the mission programmers 
on unmanned f l i gh t s .  

Provide synchronizing 1024 KC pulse t o  the Central Timing 
Equipent  (CTE)  . 
Rendezvous guidance and navigation capabili ty f o r  CSM act ive 
rescue of an incapacitated Lunar Excursion Module ( L E M )  and/or 
provision of guidance data required f o r  LEM backup rendezvous 
with the CSM. 

Computation of navigation and alignment data as required t o  
provide activation and i n i t i a l  conditions f o r  the LEN GN&C sub- 
system. 

Stabi l izat ion and control computations i n  the guidance computer 
as required during the primary CSM guidance and control modes. 

Means of accepting a t t i tude  and discrete  a t t i t ude  connnands from 
the Stabi l izat ion and Control Subsystem (SCS) a t t i t ude  sensors 
and hand controllers, respectively. 

Means of generating CSM Reaction Control Subsystem (RCS)  and 
Service Propulsion Subsystem (SPS) engine steering and ON-OFF 
coxnands during the primary CSM guidance and control mode. 

A backup guidance and navigation capabili ty t o  be used f o r  Saturn 
IV-B (SN-B) control subsystem i n  the event of launch vehicle GN&C 
subsystem malfunction. ( A  backup guidance and navigation cap- 
a b i l i t y  t o  be used f o r  Saturn I1 (SII) thrust  control commands.) 
The GN&C subsystem shall have the capabili ty of completing the 
Lunar Landing Mission provided take-over is in i t ia ted  before ex- 
cessive deviations from the nominal t ra jectory have occurred. 

Display on the Display and Keyboard Unit (DSKY) selected para- 
meters required by astronauts i n  various GN&C operations. 

Provide means of astronaut selection of a mode wherein the I n e r t i a l  
Measurement Unit ( I M U )  is caged t o  the SC body axes. 

3.1.1.1 F’unctional Requirements for  Each Mission Phase. - 
requirements as they apply t o  specific mission phases,are 
below: 

3.1.1.1.1 Prelaunch - * 

a. Align and hold a t t i t ude  reference automtical ly .  

The functional 
as described 

5 
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b. Provide attitude error signals to Flight Director Attitude 
Indicator (FDAI) for gross check on alignment. 

3.1.1.1.2 Saturn I (S-I) Boost. - 
a. Compute position and velocity using accelerometer data. 

b. Display Boost Monitor parameters on DSKY. 

c. Drive Coupling Data Units ( CDU's) with S-I nominal pitch program 
so that FDAI attitude error meters indicate boost vehicle attitude 
error. 

d. Provide total attitude signals for display on the FDAI. 

3.1.1.1.2.1 
Subsystem (LE ). - The €= subsystem shall provide the capability of a 
w a t f o r m  alignment to the SC body axis for a LES abort. 
shall be used to orient the Command Module (CM) for entry. 

Abort From Saturn I/Saturn I1 Boost with Launch Escape 

This 

3.l.1.1.3 Saturn I1 Boost. - 
a. Compute position and velocity using accelerometer data. 

b. Display Boost Monitor parameters on DSm. 

c. Provide capability to drive CDU's with attitude plus steering 
errors to that FDAI attitude error meters indicate boost vehicle 
attitude error. 

d. Provide total attitude signals for display on the FDAI. 

e. Guide S-I1 toward earth orbit on SPACECRAFT CONTROL command from 
astronaut. 

f. Initiate program to guide abort on ABORT command from astronaut. 

3.1.1.1.3.1 
ing abort modes shall be implemented by the GNW subsystem for nonguidance 

Abort From Saturn I1 Boost (After U S  Jettison). - The follow- 
_-.- 

failures in the booster: 

a. Guide CSM to earth orbit using S-IVB and SPS thrust (control 
required w i t h  SPS thrust). 

Guide and control CSM and LEM to earth orbit using S-IVB thrust. b. 

Y 
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c. Guide and control CSM to earth orbit using SPS thrust. 0 
d. Guide amd control CM to selected recovery area using SPS and SM 

RCS thrust and CM lift vector control. 

Tlie Apollo Guidance Computer (AGC) shall be programmed to execute a parti- 
A cular abort mode depending on the time it receives the ABORT command. 
, 

3.1.1.1.4 Saturn-IVB Boost Into Earth Orbit, - 
a. Compute position and velocity using accelerometer data. 

b. Display Boost Monitor parameters on DSKY. 

C. Provide capabl.llty to drive CDU's with attitude plus steering 
errors so that FDAI attitude error meters indl-cate boost vehicle 
attitude error. 

d. Provide total attitude signals for display on the FDAI. 

e. Guide S-IVB on SPACE'CRAFT CONTROL command. 

3.1.1.1.4.1 
implemented by the GN&C subsystem: 

Abort From Saturn-IVB kost. - Two abort modes shall be 

a. Guide CSM to earth orbit using SPS thrust. 0 
b. Guide 0 4  to selected recovery area using SPS and SM RCS thrust and 

CM lift vector control. 

The AGC shall have the capability of being progrmed to execute a particu- 
lar abort mode depending on the time it receives the ABORT command. 

3.1.1.1.5 Earth Orbit. - 
a. Determine that a suitable orbit has been attained. 

b. Maintain best estimate of position and velocity (Orbit Ephemeris). 

c. Update best estimate of psition and velocity on basis of naviga- 
tion data from: 

(1) Star-horizon measurements 

Y 
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(2) Lar orbit landmark tracking 

(3) Manned Space Flight Network (MSFN) tracking via UPLINK. c 

t 
d. Provide an inertial reference for attitude control of the SC 

S-IVB. "his reference will be updated from star-sighting data. 

e. Display appropriate GN&C parameters on DSKY. 

f. Drive CDU's with attitude errors so that FDAI attitude error 
meters indicate vehicle attitude error. 

Q. Provide total attitude signals for display on the FDAI. 

he Compute abort trajectories. 

i. Initiate program to guide abort on command from astronaut. 

j. The GN&C subsystem shall provide local vertical information. 

k ,  Determine initial conditions for  translunar injection. 

1. Initiate program to control translunar injection. 

3.1.1.1.5.1 Earth Orbit Aborts. - Guide and control Wi through safe entry 
and to selected landing sites using SPS and SM RCS thrust and LW lift 
vector control. An abort from earth orbit shall be selectable for minimum 
time or desired landing site. 

0 

3.1.1.1.6 Translunar Injection.- 

a. 

b. 

Compute position and velocity from accelerometer data. 

Display Boost Monitor parameters on DSKY, including dV to go. 

c. Initiate program to guide abort on command from astronaut. 

d. Provide capability to drive CDU's with attitude plus steering 
errors so that FDAI attitude error meters indicate boost vehicle 
attitude error. 

e. Provide total attitude signals for display on the FDAI. 

c 

Y 

8 
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f. Guide SC S-IVB to proper translunar trajectory on SPACECRAFT 
CONTROL command from astronaut. 

3.1.1.1.6.1 Translunar Injection Aborts. - Guide and control CSM to trans- 
ear th  abort tradectory using SPS th rust on astronaut command. Aborts from 
translunar injection shall be selectable for minimum time or desired landing 
site, 

3.1.1.1.7 Translunar Coast, - 

I 

a. 

b. 

C. 

d. 

e. 

f. 

Q -  

h. 

i. 

3. 
k. 

1. 

-.. _ _  

Determine that a suitable translunar trajectory has been attained. 

Maintain best estimate of position and velocity. 

Update best estimate of position and velocity on basis of navi- 
gation data from: 

( 1) Star-landmark measurements 

(2) MSFN tracking via UPLINK 

(3) Star-horizon measurements 

Determine initial conditions for mid-course corrections and lunar 
orbit insertion. 

During times of IMU operation, provide SC attitude control. The 
IMU reference will be established and updated from star-sighting 
data. 

Control mid-course corrections to achieve proper initial conditions 
for lunar orbit insertion, (1) Primary automatic SPS, (2) manual 
SPS, and (3) automatic RCS. 

Display appropriate GN&C data on DSKY. 

Provide attitude and attitude error signals for display on the FDAI. 

Compute abort trajectories. 

Initiate abort program to guide abort on comand from astronaut. 

Initiate program to control lunar orbit insertion. 

Accept manual control inputs. 

9 
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3.1.1.1.7.1 
earth trajectory using SPS thrust on astronaut comand. 
Jiinar coast shall be selectable for minimum time or for a desired landing 
site. 

Translunar Coast Aborts. - Guide and control CSM to trans- 
Abort from trans- 

0 
\L. 

?,.1.1.1.8 Lunar Orbit Insertion. - - 
). 

3. Compute position and velocity using accelerometer data. 

b. Guide and control SC into lunar orbit using SPS thrust. 

c. Display appropriate GNricC parameters on DSKY. 

d. Provide attitude and attitude error signals fo r  display on the FDAI. 

e. Initiate program to guide abort on ABORT comand from astronaut. 

3.1.1.1..8.1 Lunar Orbit Insertion Aborts. - 
a. Guide and control SC to lunar parking orbit of acceptable period 

f o r  subsequent trans-earth injection. 

b. Guide and control SC to direct abort to transearth trajectory. 

c. Mode a. above shall be executed by an immediate or 
delayed thrust cutoff of the SPS. Mode b. above shall 
be accomplished by immediate thrust cutoff and reorienta- 
tion of the SC and SPS thrust to inject to a transearth 
trajectory. 

3.1.1.1.9 Lunar Orbit. - 
a. Determine that a suitable orbit has been attained. 

b. Maintain best estimate of position and velocity ( Orbit-Ephemeris). 

C. Update best estimate of position and velocity on basis of naviga- 
tion data from: 

(1) Low orbit landmark tracking 

(2) MSF'N tracking via UPLINK 

( 3 ) Star-horizon measurements 

10 
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6. 

e. 

f .  

Q. 

h. 

i. 

J .  

1: . 
1. 

In. 

n. 

0. 

P. 

9. 

(4) Period measurements 

( 5 ) 

( 6 )  Star occultation measurements 

Determine initlal conditions for transearth injection an6 
LEI4 guidance. 

During time of IElV operation provide attlturle control of the SC 
or CSM. 

Supply information fo r  LEM IMU coarse alignment and LEM Guidance 
Computer (LGC) initialization. 

Compute transearth trajectories. 

Initiate program to control transearth injection. 

Display appropriate GTJAC parameters on DSKY. 

Provide attrtude and attitude error signals for display on the F3AI. 

Accept nanual control inputs during nonthrusting periots. 

Track intended landing pint in order to: 

( 1) 

( 2 )  For visual monitor 

Maintain best estimate of LEI4 descent coast orbit, lunar surface 
position, and ascent coast orbit .  

Provide LEM with CSM orbit ephemeris for use by LEM abort guidance 
subsystem. 

Compute LEM rendezvous mid-course corrections for transmission to 
LEM as required. 

Compute CSM rendezvous mid-course correction. Guide and control 
CSM to accomplish rendezvous mid-course corrections as required. 

Compute LEN terminal rendezvous maneuver fo r  transmission to LBl 
as required. 

I N  accelerometer data during thrusting phases 

The IMU reference will be updated from star-sighting data. 

Locate landing site in navigation zsordinotcs 

11 
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r. Guide and control CSM to accomplish terminal rendezvous maneuver 
if such a maneuver is required of the CSM. 

3.1.1.1.10 Transearth Injection. - 
a. Compute position and velocity using accelerometer data. 

b. Guide and control CSM to transearth trajectory using SPS thrust. 

C. Display appropriate G&NC parameters on DEXY. 
I 

d. Provide attitude and attitude error signals for display on the FDAI. 

e. Steering for transearth injection will be compatible with manual 
takeover. 

3.1.1.1.11 Transearth Coast. - ..- 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

J.  

Determine that a suitable transearth trajectory has been attained. 

Maintain best estimate of position and velocity. 

Update best estimate of position and velocity on basis of naviga- 
tion data from: 

( 1) Star-landmark measurements 

(2) MSF'N tracking via UPLINK 

(3) Star-horizon measurements 

Determine initial conditions for mid-course corrections and entry. 

During times of IMU operation provide CSM attitude control. The 
IMU reference will be established and updated from star-sighting 
data. 

Control mid-course corrections to achieve proper initial condi- 
tions for entry. 

Display appropriate GN&C data on DSKY. 

Initiate program for entry guidance. 

Provide attitude and attitude error signals for display on the FDAI. 

Accept manual control inputs. 

12 
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k. Compute and display inertial velocity and range to go at a 
specified earth radius prior to entry for insertion into Entry 
Monitoring Subsystem (EMS). 

3.1.1.1.12 Entry. - - 
a. Compute positions and velocity using accelerometer data and 

MSFN tracking data via UPLINK. 

b. Display appropriate GN&C parameters on DSKY. 

C. Guide and control CM to landing site using lift vector control. 

d. Accept manual control inputs. 

e. Provide attitude and attitude error signals for display on the FDAI. 

f. Display attitude error for manual lift vector control. 

g.  Provide rate damping in pitch and yaw. 

h. Command the lift orientation for initial atmosphere penetration 
compatible with the EMS corridor verification. 

i. Control the entry trajectory to be within critical flight limits 
defined by the thermal protection subsystem design, structural 
and crew load tolerance, subsystem lifetimes, entry range limits, 
and trajectory monitoring requirements defined by the EMS. 

3.1.1.2 Performance Requirements,- The GN&C shall accomplish the guidance 
f’unctionswithin the AV budget limitations given in Table I with the 
following performance requirements and with the propulsion subsystem 
operating within their 3-sig~aa performance bounds. 

3.1.1.2.1 Alignmenment Requirements.- The alignment requirements for the 
GN&C Navibza-n Base and CSM ennines are as described below. The Apollo 
Vehicle &ordinate Reference Systems Diagram is sham in Figure 1. - 

3.1.1.2.1.1 Navigation Base Alignment.- For any time in coasting flight 
while the IMLf is operating, the uncertainty in the inertial attitude of 
the navigation base shall be no more than 3.85 mr ( 0.22 degrees) one 
si- base on one IMU alignment per orbit. 

c 

13 



/- 
N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION S Y S T E M S  DIVISION 

3 . 1.1 . 2 . 1.2 
engine thrust vector shall pass within 0.125 inch of the intersection of the 
gimbal axes. The thrust vector shall be perpendicular within k0.5 degree to 
the plane established by the engine mount plane when the gimbal actuators 
are in the null position. The thrust vector is defined as a line connecting 
the geometric centroids of the throat and the chamber section at the nozzle 
attach flange as determined by dimensional measurement. Installed alignment 
relative to engine indexes must be zero degrees plus or minus 1 5  minutes on 
the Z-axis, and 4 degrees plus or minus 15 minutes plus Y-inclination on 
the Y-axis. 

Service Propulsion Subsystem Thrust Vector Alignment. - The 0 
c 

3.1.1.2.1.3 Reaction Control Subsystem l’hruster A1Ipent.- The RCS 
thruster aligihent requirements f o r  the SM and the CN are as described below. 

a. Service Module - The RCS engine clusters are mounted ex- 
ternally to the SM mold line and canted 10 degrees outboard 
from the SM surface. Two engines in each quad provide roll 
control, and the remaining two engines provide pitch control 
(Quads A The dimensional 
alignment requirements are shown in Figure 2. 

-, 

C) or yaw control (Quads B & D). 

b. Command Module - The HCS thrusters are mounted internally, - with the engine nozzle extensions scarfed to match the CM 
mold line. The dimensional alignment requirements are as 
s h m  in Figures 3 and 4. 

3.1.1.3 Guidance and Navigation Requirements.- During times of IMJ opera- 
tion, the GNkC equipment shall provide am inertial reference for attitude 
control of the SC. 
accuracy of 0.25 mr vertical and 2.5 m r  in azimuth. 
be capable of Scanning Telescope (SCT) manual or servo controlled alignment 
of the IMU with respect to inertial coordinates with an uncertainty which 
shall not exceed 0.66 mr (one sigma) in each axis. 
capable of determining the attitude of the navigation base with respect to 
inertial coordinates utilizing the telescope panel angle counters and the 
SCT in the manual mode with an accuracy of 0.66 mr (one sigma). 
Each IMU alignment requires vehicle orientation to acquire two stars. An 
additional orientation will be required to align the SC or SC S-IVB thrust 
axis. During earth orbit, the lllaneuver required is a roll of 120 degrees 
maximum at a maximum rate of 0.5 deg/sec starting from an attitude with 
the +Z axis at local vertical. 
thermal and RCS propellant calculations) each maneuver is considered to be 
a new random attitude at a maximum rate of 0.2 deg/sec for translunar and 
transearth and 0.5 deg/sec for lunar orbit. 

Prior to boost, the IhlU will be aligned to one sigma 
The GN&C subsystem shall 

The SCT shall be 

During other flight phases (for purposes of 

14 
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C 
Each IMI alignment shall be completed in no more than 10 minutes. 
least 8 minutes will be available for SCS initialization following the 
SC alignment maneuver which aligns the thrust axis to the desired A V  and 
prior to ullage. 

At 0 
c 

b 

3.1.1.3.1 Performance Requirements for Each Mission Phase.- The performance 
requirement f o r a  mission phase are as described below. 

- - I_*, 

3.1.1.3.1.1 
to the end ofTpcmered phase f o r  earth orbit insertion. 
function as specified if any of the following contingencies occur. 

Boost.- The boost phase is defined as existing from pad liftoff 
The GNW shall 

a. Atmospheric Abort - After LES separation the GN&C shall provide 
commands 6o-PS and RCS such that the CM can be returned 
safely to earth. 

( 1) Ehtra-Atmospheric Abort. - “he GNccC shall provide commands 
to s e  E d T C S  SUCK that the CM can assume a safe 
trajectory and orientation for entry. The GNeGC shall 
provide an early SPS cutoff in the event the time of free 
fall to the entry threshhold falls below (’FBD) seconds. 

_I 

( 2 )  Abort Into Orbit.- The GNX shall provide commands to 
G d m s u c h  that an earth orbit with a perigee 

above 90 nautical miles 
can be achieved. 

(NM) and an apogee below 450 NM 

b. - Guidance and Navigation Takeover of Saturn Guidance.. 
shall have the capability to provide guidance commands to the S-I1 
and/or S-IVB stages of the Saturn vehicle in order to achieve 
an earth orbit suitable for completing the translunar injection 
after a maximum stay time of 3 orbits. 

(1) Launch Vehicle Orbital Insertion Accuracy.- The 

The GNW 

--- 
acceptable hunch Vehicle earth orbital ’Tnsertion 
accuracy under GNaCC takeover is: 

Velocity (‘FBD) 
Flight Path Angle (m) - 
Altitude (m) 
Azimuth Angle ( T m  

c 
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C- 

3.1.1.3.1.2 Earth Orbit.- During earth orbit all attitude maneuvers 
wi 11 be p e r f o % r i m F t h e  S-IVB Auxiliary Propulsion Subsystem. t 

a. 

b. 

C. 

d. 

e. 

f. 

The GN&C equipment shall provide attitude control of the 
sc s-IVB. 
The GN&C equipment shall be capable of orienting the SC S-IVB 
in a preferred earth referenced attitude with the +Z SC axis 
down the local vertical. 
180 degrees at a maxim rate of 0.5 deg/sec from nominal atti- 
tude at earth orbit insertion. 

This maneuver will require a roll of 

The IMU stable member will be aligned once per orbit and a 
maximum of 3 times. 

A maximum of 5 navigation acquisitions per orbit for a maxim 
of 3 orbits will be made. 
maneuver about the earth oriented attitude (SC Z-axis in 
local vertical) of a maximum of +45 degrees at a maxim rate 
of 0.5 deg/sec. 
landmark acquisitions or star-horizon measurements. Each 
navigation acquisition and sighting shall consume no more 
than 5 minutes. 

Each acquisition requires a roll 

The navigation acquisitions may be either 

Prior to translunar injection, the CSM state vector shall be: 

Velocity ( T W  

Posit ion (m) 

Time (W) 

The RCS propellant allotted for GN&C maneuvers during the earth 
orbit phase shall be in accordance with Table 11. 

3.1.1.3.1.3 Translunar Coast.- Following translunar injection the 
vehicle will be maintained in attitude hold f o r  10 minutes to allow 
tracking to update the navigation data. 

The GN&C attitude and translation control modes shall be available during 
the transpose and dock maneuver. 

16 
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During translunar coast, the IMU will be aligned not more than 4 times and 
no more than 3 mid-course corrections w i l l  be made with the SFS. 
The time required fo r  each mid-course correction, including IMU alignment, 
shall be l e s s  than 40 minutes. 
w i l l  be maintained i n  Attitude Hold f o r  10 minutes t o  allow ground 
tracking t o  update navigation measurements. 

mid-course corrections s h a l l  not exceed the value shown i n  Table I for  
the SPS. 
not exceed the value shown i n  Table I. 

0 
c. 

Following mid-course correction, the vehicle 

The i n i t i a l  condition errors  
and the translunar injection errors wil l  be such tha t  the t o t a l  3 

The RCS shall provide no more than 2 corrections whose sum sha l l  

Prior t o  each mid-course correction, the CSM s t a t e  vector shall be: 

1st Mid-course 

Velocity (TBD) 
Position (TBD) 
Time (TBD) 

2nd Mid-course 3rd Mid-course 

Velocity (TBD) Velocity ( TBD) 
Position (TBD) Position (TBD) 
Time (TBD) Time 

G N U  maneuvers during the translunar coast phase sha l l  be i n  accordance with 
Table 11s. 
3.1.1.3.1.4 Lunar Orbit Insertion. - During lunar o rb i t  insertion, the 
GN&C s h a l l  use no more than the value shown i n  Table I over the ideal  
velocity increment. 

3.1.1.3.1.5 Lunar Orbit.- During lunar orb i t ,  the IMU w i l l  be aligned no 
more than 10 times and a m a x i m  of 23 optical  sightings w i l l  be made. 
These include landmark sightings, horizon sightings, and period measurements. 
The time required f o r  a landmark sighting sha l l  not exceed 5 minutes. 
time required f o r  a star-horizon sighting sha l l  not exceed 5 minutes. 
The residual r a t e  during navigational sightings sha l l  not exceed 5 a rc  
min/sec about any axis.  

a 
The . 

Prior t o  LEM s e p r a t i o n  and descent, the CSM state vector sha l l  be: 

Velocity (TBD) 
Position (TBD) 
Time (TBD) 

If the CSM must perform an act ive rendezvous, the mimum velocity change 
required sha l l  not exceed the value shown i n  Table I i n  no more than 10 
maneuvers. 
of the  terminal rendezvous, the relat ive range and range r a t e  a t  the docking 
interface s h a l l  be 500 k 300 f t  and 5 -+ 3 fps. 
ignit ions sha l l  be required. 

The GN&C subsystem performance sha l l  be such tha t  a t  the end 
1 

No more than 8 SPS 

SID 65-299 
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0 Pr ior  t o  transearth injection, the CSM s t a t e  vector s h a l l  be: 

* Velocity (TBD) 

Position ( TBD) 

The RCS propellant a l lo t t ed  f o r  G N K  maneuvers during the  lunar o r b i t  
phase s h a l l  be i n  accordance with Table 111. 

3.1.1.3.1.6 Transearth Injection.- During t ransear th  injection, the GNGtC 
s h a l l  not use more than the value shown i n  Table I over the idea l  velocity 
increment. 

The s teer ing l a w  implemented during transearth inject ion should normally 
provide a constant SC i n e r t i a l  a t t i tude  or ientat ion during t h i s  maneuver. 

The i n i t i a l  position and velocity uncertainty j u s t  pr ior  t o  transearth 
inject ion shall be equal t o  o r  be t te r  than the following: 

R = 3000 ft., 
e b  

= 1.5 fps 

c 
b - 

3000 f t . ,  

3.1.1.3.1.7 Transearth Coast.- During the transearth coast phase, the 
IMU w i l l  be aligned 4 times and 3 mid-course corrections w i l l  be made with 
the  SPS. Mid-course corrections, including IMU alignment, shall not consume 
more than 40 minutes. The last EN alignment s h a l l  not be less  than (TBD) 
minutes from the entry interface.  The i n i t i a l  condition errors  and the 
t ransear th  inject ion errors  w i l l  be such tha t  the t o t a l  of 3 mid-course 
corrections s h a l l  not exceed the value shown i n  Table I. The RCS s h a l l  
provide 3 vernier corrections not t o  exceed the value shown i n  Table I. 
These allotments assume use of the primary GN&C f o r  transearth inject ion and 
mid-course navigation and AV corrections. 

Pr ior  t o  each mid-course correction, the CSM s t a t e  vector s h a l l  be: 

1st Mid-course 

Velocity (TBD) 

Posit ion (m) 
I 

2nd Mid-course 3rd Mid-course 
~~ 

Velocity (TBD) 

Position (TBD) 

Velocity ( TBD) 

Position (TED) 

L 

18 
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co 
A maximum of 50 star-landmark navigational measurements will be required t o  
sa t i s fy  the entry corridor requirements if the backup opt ica l  navigation is  

L used, No more than 33 SC a t t i t ude  changes w i l l  be required. Each maneuver 
is considered t o  be a new random at t i tude.  
star and a landmrk sha l l  not exceed 5 minutes. 

0 
The time required t o  s ight  a 

Prior t o  entry, the CSM s t a t e  vector sha l l  be: 

Velocity ( TBD) 

Position ( TBD) 

The RCS propellant a l lo t ted  f o r  G N X  maneuvers during the transearth phase 
sha l l  be i n  accordance with Table 111. 

3.1.1.3.1.8 Entry.- 
separation and terminates a t  prachute  deployment. 
corridor (depth vacuum perigee variation) due t o  navigation accuracy 
and mid-course execution errors w i l l  be no greater than 20 nautical  miles. 
The 1 0  i n i t i a l  condition uncertainties (given with respect t o  local ver t i -  
c a l  coordinates a t  start of entry) sha l l  be less  than: 

Entry as defined i n  t h i s  specification begins a t  CM - 
The 3 sigma entry 

Velocity Uncertainty AVx (TBD) fps 
Velocity Uncertainty A Vy (TBD) fps  
Velocity Uncertainty AVz (TBD) fps  
Altitude Uncertainty Ah (TBD) f t  
Range Uncertainty (TBD) f t  
Cross Range UncertainFy (TBD) f t  

The GN&C subsystem sha l l  control the SC such that an SC deceleration greater 
than 320 ft /sec2 w i l l  not be encountered during normal operation except 
during boost abort where the SC maximum deceleration i s  limited t o  15  g 's .  

The entry transit time w i l l  be a maximum of 3 minutes. 
touchdown accuracy for  entry ranging requirement of 1500 NM minimum t o  
2500 NM maximum w i l l  be achieved for  a l if t- to-drag r a t io  not less  than 
0.3 at  veloci t ies  greater than 25,000 fps. 

The required 

During the entry phase, the GNW subsystem sha l l  display range-to-go on 
the DSKY. The touchdown accuracy sha l l  be (TBD) . 

1 3.1.1.3.2 Spcec ra f t  Mass Properties.- The SC mass properties f o r  the 
Design Reference Mission (DRM) I mission are as l i s t e d  i n  Appendix A .  

c 
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- c  
3.1.1.4 Propulsion Performance. - The propulsion performance parameters 
for the SPS, the M*CS and the CM RCS are as follows: F 

3.1 . 1.4 . 1 
parameters are described below. 

Service propulsion Subsystem. - The SPS propulsion perf ormance 
Th e *s actuator interface definitions 

are shown in Figure 5. 

3.1.1.4.1.1 Thrust.- The SPS shall nominally develop a vacuum thrust 
of 20,000 pounds during continuous operation. 
at a thrust of 20,000 pounds *20 percent during the entire mission. 
SPS thrust shall not yary by m r e  than 
burn. 

* 

The SPS shall operate 
The 

(TBD) percent during any single 

3.1.1.4.1.2 Thrust Transient Rates.- The startup and shutdown transient 
rates are as ET'EZ- 

a. Startup Transient.- The SPS shall develop 90 percent steady- 
state thru st within 0.3 to 0.5 second after onset of the electrical 
compand signal to the pilot valve. 
impulse from onset of electrical command to 90 percent rated 
thrust shall be from 400 pound-seconds (minimum) to 1200 pound- 
seconds (maximum). The run-to-run tolerance on start transient 
impulse shall be 2200 pound-seconds (1 sigma). 

The start transient total 

1 

b. Shutdown Transient.. The SPS shall accomplish thrust decay to 
10 percent rated thrust within 0.4 to 0.6 second after receipt 
of the compand signal. The SPS shutdown impulse from onset of 
electrical conrmand signal to 10 percent rated thrust shall be 
from 5000 pound-seconds (minimum) to 8500 pound-seconds (maximwn). 
The shutdown impulse from 10 percent to 1 percent rated thrust 
shall not exceed 500 pound-seconds. 
the shutdown impulse shall *200 pounds-seconds (1 si-). 

The run-to-run tolerance on 

3.1.1.4.1.3 Impulse.- The rocket engine attains the following impulse 
vslues during vacuum operating conditions: -- 

a. Continuous Operation.- The SPS shall develop an average nominal 
lee of 314.9 seconds and a minimum specific impulse specific 

(minus 3 Yp) of 313.0 seconds after 750 seconds firing 
duration. 

Total Impulse.- 
satisfy normal design mission and emergency requirements shall 
be 11,966,200 pound-seconds nominal, minus 4,500 po~nd-seCOnd6 
for each engine restart. 

The total impulse provided by the SPS to b. - 

c 
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C 

3.1.1.4.1.4 Reliable Operating L i f e . -  The SFS is  c a p b l e  of a 
minimum of 36 starts during the operational l i f e  of 750 seconds. Starts 
a re  accomplished under e i ther  sustained or  intermittent operation within 
the tolerances specified i n  3.1.2.3. 
a start signal anytime a f t e r  receipt of a shutdown signal.  
SPS I s  capable of accepting a shutdown signal a t  any time a f t e r  receipt of a 
start s ignal  with a minimum impulse b i t  equal t o  o r  less  than 5000 pound- 
seconds and a run-to-run tolerance of 200 pound seconds (1 sigma). 

0 
* 

The SPS is capable of accepting 
Conversely, th2 

L 

3.1.1.4.2 Service Module Reaction Control Subsystem.- The SM RCS 
propulsion performance parameters a re  described below. 

3.1,1.4.2.1 Thrust.- The rocket engine develops a continuous operation 
vacuum thrust-0 pounds 2 5 percent. 

3.1.1.4.2.2 Thrust Transient Rate.- Thrust t ransient  character is t ics  a r e  
depicted below f o r  injector  temperatures between 20 - 125 degrees F and 
temperatures above 125 degrees F. 

a. Thrust Transients fo r  Injector Temperatures Between 20 - 125 
Degrees F.- Th e "ON" characterist ics (from e l ec t r i ca l  signal "ON") 
t o  70 percent of rated thrust  sha l l  occur i n  30 milliseconds or  less .  
The "OFF" characterist ics (from e l ec t r i ca l  s ignal  "OFF") t o  25 per- 
cent of rated thrust  sha l l  occur i n  15  milliseconds or  less .  

b .  Thrust Transients fo r  Injector Temperature Above 125 Degrees F.- 
The "ON" characterist ics (from e l ec t r i ca l  signal "ON") t o  70 per- 
cent of rated t h r u s t  sha l l  occur i n  110 milliseconds o r  less .  The 
"OFF" character is t ics  (from e l ec t r i ca l  s ignal  "OFF") t o  25 percent 
of rated thrus t  sha l l  occur i n  15  milliseconds o r  less .  

3.1.1.4.2.3 Impulse.- The rocket engine a t t a ins  the following impulse 
values during vacuum operating conditions. 

a. Continuous Operation.- The specific impulse plotted against 
average propellant temperature f o r  operating time greater than 
5 seconds is depicted i n  Figure 6. 

b .  Minimum Impulse.- M i n i m  impulse data is  depicted i n  Figure 7. 

c.  Specific Impulse.- 
pulse widths l e s s  than 1 second is depicted i n  Figure 8. 

The specific impulse as a function of e l ec t r i ca l  

c 
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3.1.1.4.2.4 Reliable Operating Life.- Following acceptance tests, the 
engine has a minimum re l iab le  operating l i f e  of 1000 seconds. 
I s  capable o? withstanding a minimum of 10,000 operational cycles during 
a 1000 second operating l i f e  without deterioration. 

The engine 
0 

* 

3.1.1.4.2.5 Operation Time and Frequency Response Characteristics.- The 
continuous operating t i m e  and freauencv response character is t ics  are - - - 
depicted below. 

a. Continuous Operation.- The engine i s  capable of continuous 
operation f o r  a period not t o  exceed 500 seconds. 

b. Pulse Mode Operation.- 
35 cycles per second. 
500 milliseconds and a s t a r t  after shutdown signal shall be 
instantaneous. 

The engine responds t o  signals up t o  
The minimum impulse intervals  shall be 

3.1.1.4.3 C a m a n d  Module Reaction Control Subsystem.- The CM RCS propulsion 
performance parameters are described below. 

3.1.1.4.3.1 Thrust.- The rocket engine develops not less than  88.3 
pounds thrust during continuous operation. 

3.1.1.4.3.2 Thrust Transient Ihte.0 The th rus t  "ON" character is t ics  (from 
e l ec t r i ca l  signal "ON") exhibit  zero thrus t  from 0 t o  6 milliseconds and 
shall rise t o  90 percent of rated t h r u s t  from 6 t o  30 milliseconds o r  less. 
The thrus t  "OFF" character is t ics  (from e lec t r ica l  signal "OFF") exhibit no 
change from rated thrust  from 0 t o  6 milliseconds and decrease t o  10 percent 
of rated thrus t  i n  6 t o  50 milliseconds. 

0 

3 1.1.4.3 . 3 Impulse. - 
values during vacuum operating conditions. 

The rocket engine a t t a ins  the  f ollowlng impulse 

a. Continuous Operation.- The engine develops a minimum 
instantaneous specif ic  impulse of 266 seconds when operated fo r  
a period i n  excess of 800 milliseconds. 

b. Minimum Impulse.- The engine develops a minimum impulse of 
1 t o  2 pounds-seconds at an electrical signal (pulse width) of 
20 milliseconds. 

C. Specific Impulse.- 
e l ec t r i ca l  signal "on time" f o r  periods less tnan 1 second i s  

The vacuum specific impulse as a function of 

depicted i n  Figure 9. 

c 
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3.1.1.4.3.4 Reliable Operating Life.- The engine has a reliable operating 

capable of undergoing a minimum of 3,000 operating cycles during the  130 
second reliable operating l i f e .  

L l i f e  of a t  least 130 seconds without removal f o r  servicing. The engine i s  
e 

3.1.1.4.3.5 Total Operating L i fe . -  The engine t o t a l  operating l i f e  is  

130 and 200 seconds; however, crew safety shall not be compromised. 

3.1 . 1 . 4 . 3.6 
operation time of 30 seconds during the first 130 seconds of engine l i f e  
w i l l  not degrade engine r e l i ab i l i t y  o r  performance. 
operation t o  70 seconds does not degrade r e l i a b i l i t y  however, the engine 
pe r fomnce  wi l l  be derated. 
signal frequencies up t o  30 cycles per second and shall restart after 
engine shutdown signal i n  10 milliseconds. 

*. 200 seconds. Deviation from specification performance may occur between 

Operation Time and Frequency Response. - A continuous 

Additional continuous 

The engine is  capable of responding t o  

3.1.1.5 Attitude Control Requirements. - The GN&C equipment shall provide 
the primary a t t i t ude  control function through the AGC. 
periods, engine gimbal angle commands shall be supplied t o  the SCS servo 
amplifiers. During CSM and CM reaction control modes, on-off RCS command 
shall be supplied t o  the RCS driver amplifiers. 

During SPS thrusting 

3.1.1.5.1 Service Propulsion Subsystem Control Requirements. - The SPS 
control mode i s  u t i l i zed  during the translunar and transearth mid-course cor- 
rections, during lunar o rb i t  insertion and transearth injection periods and 
during those abort and rescue thrusting periods which require the  SPS engine. 
The GN&C equipment shall have the capabili ty of performing timed LV cor- 
rections i n  order t o  make optimum use of the inherent SPS minimum impulse. 
The IMU shall supply the a t t i t ude  references f o r  the SPS control mode. 
Attitude rate sensors shall not be employed. 

a 

3.1.1.5.1.1 
ing the pre- T S C  a t t i t u d e  and SPS gimbal trim corrections automitically 
fo r  a l l  CSM-LEM and CSM burning periods. 
SPS engine g i m b a l  trim commands through the DSKY pr ior  t o  ignit ion.  

Tr im.  - The GN&C equipment shall have the capability of apply- 

The GN&C equipment shall accept 

3.1.1.5.1.2 Sequencing. - Prior t o  the start of the SPS control mode, the 
GN&C shall be placed i n  the  minimum deadband RCS a t t i t u d e  hold mode. 
i n i t i a t i o n  of the SPS mode and prior t o  SPS engine ignit ion,  the AGC shall 
provide both the SPS and RCS control modes simultaneously. The RCS a t t i t ude  
hold mode shall be terminated i n  the pitch and yaw axes 1 second after engine 
igni t ion and shall be re in i t ia ted  by the SPS engine cut-off signal. 
SPS control mode shall be terminated (TBD) second(s) after the engine cut-off 

A t  

The 

signal. 
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3.1.1.5.1.3 Limi t  Cycles and Transient Behavior. - The SPS control mode 
s h a l l  not induce s t ruc tura l  loads i n  excess of those specified i n  the SC - 
loads criteria document. 

These criteria shall include but not be limited t o  engine ignit ion and shui- 
down transients  and any l i m i t  cycle behavior during SPS engine thrust  
periods. During shutdown of the SPS engine, the angular impulse imparted 
by the engine which must be removed by the RCS s h a l l  not exceed (TBD) .  

& 

3.1.1.5.2 Service Module Reaction Control Subsystem Control Requirements. - 
The GNW subsystem w i l l  provide automatic and nnsnual control through the SI4 
RCS. This mode is available f o r  CSM and CSM-LEM a t t i tude  and t ranslat ion 
control during periods when SPS thrusting is not required, and f o r  roll control 
during SPS thrusting periods. 
automatic maneuver is shown i n  Table 111. 

Allowable propellant consumption per S M  RCS 

3.1.1.5.2.1 M a n u a l  Control. - The GN&C equipment shall accept discrete  
inputs f r o m  the 2 CM rotat ional  controllers, the CM t ranslat ional  controller, 
and the GN&C minimum impulse controller. 

a. Rotational Controller. - Two control modes shall be provided 
f o r  rotat ional  controller inputs : 

(1) Minimum Impulse. - The GN&C equipnent shall output rota- 
t i ona l  control SM RCS engine on-off pulses i n  any s ingle  
axis, i n  a.ny two axes or  i n  a l l  three axes as commanded 
by the controller.  

(2) Rate Command. - The G N X  equipnent shall provide SM RCS engine 
on-off commands such tha t  the SC rotates at  a constant a t t i -  
tude r a t e  about any single axis, any two axes or  a l l  three 
axes as commanded by e i ther  of the rotat ional  controllers.  
The a t t i t ude  ra te  shal l  nominally be 0.20 deg/sec, but a high 
r a t e  of (TBD) deg/sec sha l l  be available f o r  one-axis-at-a- 
time specialmaneuvers; such as, transposition, docking or  
abort. 
deg/sec sha l l  a l so  be available f o r  multi-axis rotation. 

For purposes of SM RCS f u e l  economy, a low rate of (TBD) 

The desired a t t i t ude  rate  s h a l l  be entered through the S K Y .  
With the GN&C i n  the rate command node, but i n  the absence of 
any r a t e  commands, the subsystem w i l l  enter the a t t i t ude  hold 
mode; see 3.1.1.5.2.2. 
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b. Translational Controller. - The GNW equipment shall provide SM RCS 
engine on-off comnands such t h a t  the CSM or CSM-LEM accelerates along 
any t ranlat ional  axis, any two  axes or  along all three axes as 
commanded by the t ranslat ional  controller.  
axes are defined as the CSM r o l l  ax is  and two other orthogonal 
axes which pass through the center of the RCS SM Quads A and C and 
Quads B and D, respectively. 

The t ranslat ional  

The t ranslat ional  mode sha l l  operate simultaneously with the manual 
r a t e  command mode or a t t i tude  hold mode with a t t i t ude  control 
commands t o  the SM RCS j e t s  given pr ior i ty  over t ranslat ional  
commands. 
f o r  preventing the simultaneous f i r i n g  of any two opposed SM RCS 
engines. 

The GN&C equipment shall provide the required logic 

c. Minimum Impulse Controller. - The GN&C equipment sha l l  provide 
r o t a t i o n a l n - o f f  pulses as commanded by the minimum 
impulse controller.  Each command will be mutually exclusive. 
The m i n i m  residual ra te  f o r  mid-course s h a l l  not exceed 2.4 
arc min/sec and f o r  lunar o rb i t  5 arc  min/sec. 

3.1.1.5.2.2 Attitude Hold. - Upon command, the G N W  equipment sha l l  provide 
an a t t i t ude  hold mode f o r  the CSM and CSM-LEM. In the a t t i t ude  hold mode, two 
values of a t t i t ude  control deadband sha l l  be provided. The first f ( 5  f 0 .5 )  
degrees i n  each axis sha l l  consti tute the normal mode. The second, 
f (0 .5  f 0.05) degree, shall be available upon c o m d  and sha l l  be commanded 
automatically t o  SPS engine thrusting periods. During SFS engine thrusting, 
the roll axis deadband sha l l  be f (0.5 k 0.05) degree. 
the primary control subsystem shall achieve l i m i t  cycle ra tes  equal t o  or  l e s s  

During docking maneuvers 
0 

than the following: 

Lunar  Orbit 

Pitch & Yaw k 0.017 
Roll f 0.05 deg/sec 

Transposition & Docking 

deg/sec Pitch f 0,013 deg/sec 
Roll k 0.027 deg/sec 
Yaw k 0.012 deg/sec 

3.1.1.5.2.3 Automatic Maneuvers. - The GN&C equipment sha l l  have the capa- 
b i l i t y  of automatically reorienting the vehicle t o  a new a t t i tude .  
automatic vehicle maneuver r a t e s  sha l l  be ident ical  t o  the manual vehicle 
maneuver rates.  

The 

E 
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3.1.1.5.2.4 Prior t o  igni t ion of the SPS engine, the SPS 
propellants must be se t t l ed  by accelerating the vehicle along the posit ive X 
axis. 
(using the SM RCS engines) as part of the SPS engine ignit ion sequence. The 
ullage thrusting sha l l  normally be terminated 1 second after SPS engine 
ignition. 
added the required impulse. 
logic f o r  preventing the simultaneous f i r i n g  of any two opposed RCS engines. 

Ullage Control. - 
The GN&C equipment shall comand and control t h i s  ullage thrusting 

SPS engine igni t ion sha l l  be commanded after the SM RCS engines have 
The GN&C equipment s h a l l  provide the required 

3.1.1.5.3 Command Module Reaction Control Subsystem Control Requirements. - 
The GN&C subsystem sha l l  provide automatic control through the CM RCS. This 
mode is available f o r  CM maneuvering and a t t i t ude  hold prior t o  entry following 
CK-SM separation and f o r  pitch and yaw a t t i t ude  rate damping and r o l l  control 
during entry. 

3.1.1.5.3.1 Manual Control. - The GN&C equipment s h a l l  accept inputs from the 
two CM rotat ional  controllers.  
such tha t  the SC ( i n  the absence of disturbance torques) rotates  a t  a constant 
a t t i t ude  rate about any single axis, only two axes o r  a l l  three axes as commanded 
by e i the r  of the rotat ional  controllers. 
the  same as those specified fo r  the CSM manual rate mode. 

It s h a l l  output CK RCS engine on-off commands 

The vehicle maneuver rates sha l l  be 

If the  vehicle is experiencing more than 0.05 g ' s ,  t h i s  mode will be auto- 
matically disabled. 

I n  the  absence of any rate inputs, the subsystem s h a l l  enter one of two modes: 

a. If the vehicle is  experiencing less than 0.05 g ' s ,  the GN&C 
equipment w i l l  enter an a t t i tude  hold mode. 

b. If the vehicle is  experiencing more than 0.05 g's,  the GN&C 
equipnent s h a l l  enter a r o l l  a t t i t ude  control mode (with guidance 
cormnands) and a pitch and yaw a t t i t ude  rate damping mode. Manual 
r o l l  control s h a l l  be available t o  the astronaut. 

3.1.1.5.3.2 Attitude Hold. - Upon comand, the GN&C equipnent s h a l l  provide 
an a t t i t ude  hold mode provided the  vehicle is experiencing less than 0.05 g ' s .  
If the  vehicle is experiencing more than 0.05 g's,  the mode s h a l l  be disabled. 

The vehicle orientation during a t t i tude  hold w i l l  be determined by: 

a. Attitude commands input through the DSKY. 

b.  Atti tude commands input through the ground UP-LINK. 

c. The a t t i t ude  a t  which manual rate commands go t o  zero. 

The a t t i t ude  deadband i n  t h i s  mode w i l l  be * ( 5  k 0 . 5 )  degrees i n  each axis ,  
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3.1.1.5.3.3 Automatic Reorientation. - 
s h a l l  be automatically reoriented to  the entry a t t i tude .  

3.1.1.5.3.4 Entry Mode. - The entry mode w i l l  be in i t i a t ed  when the vehicle 
first experiences 0.05 g ' s .  In the case of a skip trajectory,  the entry made 
w i l l  be terminated when the vehicle acceleration falls below 0.05 g ' s  and the 
a t t i t ude  hold mode w i l l  be entered, The entry mode w i l l  be re in i t ia ted  when 
the vehicle again experiences 0.05 g 's .  In the entry mode, the GN&C equipment 
w i l l  provide a t t i t ude  r a t e  damping i n  the pitch and yaw axes by appropriate 
sequencing of CM RCS engine on-off commands. 
w i l l  be f ( 2  k 0.2) deg/sec. 
about the s t a b i l i t y  axis is required. 

Following s e p r a t i o n  of the SM, the CM 0 
P 

& 

The rate deadband i n  these axes 
A minimum reentry r o l l  r a t e  of 20 deg/sec 

The GN&C subsystem s h a l l  be capable of guiding the SC safely back t o  ear th  on 
a s ingle  CM RCS using no more than 104.5 pounds of propellant. Pitch and yaw 
l i m i t s  a r e  7 deg/sec 215 percent. 

3.1.1.6 Attitude Display Requirements. - The GN&C equipment w i l l  supply 
output signals f o r  the purpose of driving a t t i t ude  and a t t i tude  error  
displays. It w i l l  also provide a decimal a t t i tude  display on the DSKY as 
commanded. 

3.1.1.6.1 I n e r t i a l  Measurement Uni t  Euler Attitude. - The IMU gimbal angles 
w i l l  be available as analog signals f o r  purposes of display. During f ree  
f a l l ,  the accuracy of these signals w i l l  be 5 0.25 degree (lo) plus the 
i n e r t i a l  reference e r ror  as specified i n  3.1.1.3. 
maximum error  s h a l l  be less  than  the following allocation: 

During thrusting periods, the 0 

Attitude Uncertainty, mr 
(During Saturn thrusting 
periods) 

Attitude Uncertainty, m r  (TBD) ( TBD) (TBD) 
(During SPS thrusting periods) 

Attitude Uncertainty, m r  ( T W  (TBD) TBD) 
(During entry) 

3.1.1.6.2 Apollo Guidance Computer Attitude Error. - The a t t i tude  e r ror  
exis t ing a t  any time i n  the AGC shal l  be available as an analog signal f o r  
display purposes. 
s igna l  within (TBD) degrees (one sigma). 
provide an a t t i t ude  e r ror  transformed t o  body coordinates, formed by the 
difference between IMU ginibal angles and desired gimbal angles as selected 
through the DSKY. 
inertial  reference accuracy specified i n  paragraph 3.1.3 plus a scale  fac tor  
error of ( TBD) percent (one s i g m )  . 

The analog display signals sha l l  reproduce the AGC e r ror  
.i Upon cormnand, the AGC sha l l  

The accuracy of these signals sha l l  be the same as the 
* 
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3.1.1.6.3 Display and Keyboard Unit Attitude. - The a t t i t ude  and a t t i t ude  
e r ror  signals s h a l l  be available for  display on the DSKY as decimal numbers 
upon command. 
reference accuracy specified i n  3.1.1.3. 

0 
f 

The accuracy of t h i s  readout s h a l l  be the same as the i n e r t i a l  

3.1.1.6.4 Gyro Display Coupler (GDC) Attitude Error. - The AGC s h a l l  accept 
pulses from SCS GDC's. Each pulse sha l l  represent (TBD) degrees of a t t i t ude  
change as measured i n  body coordinates. 
compute the vehicle euler angles, difference these with desired euler angles 
selected through the DSKY, and output a t t i tude  errors  i n  body coordinates. The 
accumulated error  a t t r ibu tab le  t o  the AGC and i ts  conversion equipment sha l l  
not exceed 0.2 degrees (one sigma) i n  any axis a t  the completion of the follow- 
ing maneuvers: 

c 

Using t h i s  information, the AGC s h a l l  

Roll 45 degrees a t  0 .5  deg/sec with a 5 degrees a t t i t ude  error  i n  
pitch and yaw. 

Pitch 60 degrees a t  0.5 deg/sec w i t h  a 5 degrees a t t i t ude  e r ror  i n  
r o l l  and yaw. 

Roll 45 degrees a t  0 .5  deg/sec with a 5 degrees a t t i t ude  error  in  
pitch and yaw. 

L i m i t  cycle f o r  10 minutes about a l l  three axes with a l i m i t  cycle 
r a t e  of 0.1 deg/sec and a deadband of +5 degrees i n  each axis.  

3.1.2 Operability 

3.1.2.1 Reliabil i ty.  - The mission success r e l i a b i l i t y  apportionment f o r  the 
GN&C subsystem from ear th  launch to  (TBD) sha l l  not be less  than (TBD) f o r  the 
NASA Design Reference Mission I. 

0 

3.1.2.1.1 Failure Rates. - The inherent f a i lu re  ra tes  of the GNSX: equipnent 
which may be used i n  a backup mode shall be l e s s  than: 

BackuD Conf imra t ion  
Failur Rate 
Per 10 % Hours 

The analyt ical  methods of showing compliance with the estabil ished fa i lure  
rates sha l l  be approved by NASA-MSC prior t o  the acceptance of f l i g h t  hardware. 
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C 

3 1.2 2 Maintainability. 
f 3.1.2.2.1 Maintenance. - Equipment arrangements, accessibility, and inter- 

changeability features that allow efficient preflight servicing and maintenance 
shall be given full consideration. Design considerations shall also include 
efficient mission scrub and recycle procedures. In-flight maintenance shall 
not be performed on the GN&C subsystem. 

3.1.2.2.2 Maintenance Concept. - Field maintenance of the GN&C subsystem 
shall be performed as follows: 

a. For airframe electrical/electronic equipment (either 
installed or on the bench), checkout and replacement 
shall be at the integral package (Black box) level. 
A '%lack box" is defined as a combination of factory 
replaceable units which are contained within a physical 
package, and which is removable from the CSM as an 
integral unit. 

b . For non-electrical/electronic equipnent ( either installed) 
or on the bench), checkout and replacement shall be at 
the lowest replaceable serialized unit level, which 
includes only those parts which are removable as integral 
units from the GN&C subsystem. 

3.1.2.3 Useful Life 0 
3.1.2.3.1 Service Life. - The service life of the GN&C subsystem, when 
exposed to the environment and mission specified elsewhere in this specification 
shall not be less than 336 flight hours, plus 1,664 hours under ground-checkout 
and pre-launch conditions. 

3.1.2.3.2 Storage Life. - The storage life of the GN&C subsystem, when exposed 
to the environments specified elsewhere in this specification, shall not be 
less than 3 years. 

3.1.2.4 Natural Environment. - The natural ground and flight environment in 
which the GN&C subsystem must perform in accordance with requirements specified 
elsewhere in this specification are defined in ICD ~~01-01348-416. 

3.1.2.5 Transportability 

3.1.2.5.1 Ground Handling and Transportability. - Full design recognition 
sha l l  be given to the durability requirements of the GN&C equipment during 
preflight preparation. Wherever possible, the equipnent shall be designed 
to be transported by common carrier with a minimum of protection. Special 
packaging and transportation methods shall be as required to prevent subsystem 

a 

* penalties. 
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3.1.2.6 Human Performance. - 
P 

3.1.2.6.1 Fl ight  Crew.  - The CSM f l i g h t  crew s h a l l  consist  of three men. 

3.1.2.6.2 C r e w  Participation. - The f l i g h t  crew s h a l l  have the capabi l i ty  
t o  control  the  CSM through a l l  f l i g h t  modes. 
i n  navigation, control, monitoring, computing, and observation of the GN&C 
subsystem as required. 
monitoring, f a i lu re  detection, and o p r a t i o n a l  mde  selection. 
subsystem s h a l l  be designed so tha t  a s ingle  crewran w i l l  be able t o  perform 
all tasks  essential  t o  re turn of  the CSM t o  ear th  i n  case of emergency. 

The f l i g h t  crew shall part ic ipate  
& 

Status of the subsystem s h a l l  be displayed f o r  crew 
The GN&C 

3.1.2.6.3 Abort In i t ia t ion .  - Provisions s h a l l  be made f o r  crew i n i t i a t i o n  
of a l l  abort modes. 

3.1.2.7 Safety. 

3.1.2.7.1 Hazard Proofing. - The design of the G N X  subsystem and support 
equipnent shall minimize the hazard of f i re ,  explosion, toxici ty  t o  the  
crew, launch area personnel, and f a c i l i t i e s .  The hazards t o  be avoided include 
accumulation of leakage of combustible gases, the  hazard of spark on ign i t ion  
sources including s t a t i c  e l ec t r i c i ty  discharge. 

3.1.2.7.2 Equipment. - Design of equipnent s h a l l  be i n  accordance with 
MSFC l O M o l O 7 l  during any part  of the mission operation. 
the various components s h a l l  be hermetically sealed o r  of explosion-proof 
construction. 

Where practicable, 

3.1.2.7.3 Failsafe.  - Subsystem fa i lu re  s h a l l  not propagate sequentially; 
t h a t  is, design s h a l l  “f ailsaf e. 

3.1.2.8 Induced Environment. - The induced ground and f l i g h t  environments 
i n  which the GN&C subsystem must perform i n  accordance with requirements 
specified elsewhere i n  t h i s  specification are defined i n  ICD MH01-01348-Ll6. 

3.2 Interface Requirements. - The G N X  subsystem interface information is  
contained i n  the  Interface Control Documents ( I C D )  l i s t e d  i n  pragraph  6.2 
subject t o  the terms stated.  

c 
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3.3 Design and Construction 

3.3.1 Guidance, Navigation, and Control 4uipment Definition. - The Airborne 
Guidance, Navigation, and Control Equipment shall consist of the following 
IEL jor assemblies: 

Navistion Base (NVB) 
Inertial Measurement Unit ( IMU) 
Optical Unit Assembly (OUA) 
Power and Servo Assembly (PSA) 
Apollo Guidance Computer (AGC) 
Display and Controls (D&C) 
Coupling Data Units (CDU) ( 5 )  
Signal Conditioner Assembly (SCA) 
Interconnecting Harness 
Display and Keyboard (DSKY) (2 ) 
PIPA Electronics Assembly (PEA) 

3.3.1.1 General Desim Features. - The design features and physical 
characteristics of the major assemblies of the equipment shall conform with 
the requirements of the following subparagraphs. 

3.3.1.1.1 Navigation Base. - The NVB shall be a rigid structure capable of 
supporting and xmintaining the alignment of the IMU, the OUA, and associated 
hardware. The NVB shall be hard mounted to the SC structure. 

3.3.1.1.2 Inertial Measurement Unit. - The IMU shall sense vehicle attitude 
and acceleration. The IMU shall consist of three single-degree-of-freedom 
accelerometers (PIPA) on a stable member isolated from vehicle orientation 
by a servo-driven three degree-of-freedom gimbal system. The IMU shall be 
mounted in the SC with roll axis coincident with the longitudinal axis of the 
sc . 
3.3.1.1.3 Optical Unit Assembly. - 
a Scanning Telescope (SCT), eyepieces, and a bellows assembly. 

The OUA shall consist of a Sextant, 

3.3.1.1.3.1 Sextant. - The SXT shall be a two line-of-sight superimposed 
image, 1.8 degrees field of view, 28 power measuring instrument to provide 
measurements of the angle between identified stars and navigation reference 
features of the earth or the moon. The SXT shall be camble of being used 
visually by the astronaut by using a detachable eyepiece, automatically or 
semi-automatically, with the built-in Horizon Photometer and Star Tracker. 

3.3.1.1.3.1.1 Horizon Photometer and Star Tracker. - The Horizon Photometer 
and Star Tracker, a navigation instrument, shall be built into the SXT providing 
an automatic star tracker on the articulated line-of-sight, and an autonatic 
sun illuminated horizon brightness photometer Illanually pointed by SC orientation 
to the reference brightness on the horizon beneath the star. 
shall provide for automatic centering on a star within a one-half degree square 
field when star brightness is above a prescribed level. 

The star tracker 
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3.3.1.1.3.2 Scanning Telescope. - The SCT shall be a single line-of-sight, 
60 degree f ie ld  of view, unity power, ar t iculated telescope used f o r  general 
viewing of ear th  o r  moon, o rb i t a l  landmark navigation sighting, as an acquisi- 
t i on  a id  f o r  the sextant, and f o r  backup alignment of the SC. 

0 
9 

3.3.1.1.3.3 Bellows Assembly. - The bellows assembly allows movement of the 
p r t i o n  of the optics external t o  the SC while maintaining capsule seal. a 

3.3.1.1.4 Power and Servo Assembly. - The PSA shall consist of the 
electronic equipnent that provides most of the support electronics, power 
supplies, IMU, and O W  servo and gyro pulse torquing modules. 
be made up of modules which plug into the PSA header assembly. 

"he PSA sha l l  

3.3.1.1.5 Apollo Guidance Computer. - The AGC shall be a general purpose 
computer with special  c a p b i l i t y  f o r  organizing simultaneous real time 
operations and control data processing f o r  guidance, navigation, and control. 
Flexibi l i ty  sha l l  be obtained by the use of fast basic instructions and 
slower but memory conserving, interpretive routines. 
shall be 36864, 15 b i t  words (plus p r i t y )  . 
2048 words. 

"he basic fixed memory 
The erasable memory sha l l  be 

3.3.1.1.6 
and s ta tus  
equipment. 

3.3.1.1.7 
d i g i t  izing 
t o  convert 

Display and Controls. - The D E  sha l l  consist of operating controls 
l igh ts  i n  the lower equipment bay associated with the G N X  

Coupling Data Units. - The CDU is a conversion device f o r  
resolver outputs and contains a functionally separate section used 
pulse t r a i n  AGC outputs t o  analog voltages.- There a re  f ive  CDU'S. 

They are  used t o  d ig i t i ze  the following shaft angle resolver outputs: 

N gimbal angles (3 )  
Optics s h a f t  angles ( 2 )  

The output sections of the CDU's  are used t o  convert the following AGC 
outputs t o  analog form: 

IlriU a l i g n  (3)  
Attitude errors  (3)  
Optics drive ( 2 )  
SPS engine gimbal dri.ve ( 2 )  
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3.3.1.1.8 
controls ma display for  the AGC. 

Display and Keyboard Unit. - The DSKY s h a l l  provide the operating 
The DSKY s h a l l  consist of a keyboard f o r  

9 entering instructions and data into the computer and a mult idigi ta l  numerical 
display of program mode and data. 
based upon detected malfunctions i n  the computer itself o r  i n  the rest of the 
guidance, navigation, and control equipnent. One DSKY w i l l  be located i n  the 
lower equipment bay of the CM a t  the navigation s ta t ion,  operating i n  para l le l  
with a similar uni t  located on the main panel between the l e f t  and center 
couches. 

It s h a l l  a lso display alarm indications 

a 

3.3.1.1.9 Signal Conditioner Assembly ( S C A ) .  - The SCA sha l l  receive GN&C 
s ignals  designated as available for telemetry and normalize them f o r  pulse 
code modulation. 

3.3.1.1.10 Pulsed Integrating Pendulous Accelerometer (PIPA) Electronic 
Assembly (PEA).  - 
associated with the three PIPA loops. 

The PEA sha l l  contain the pulse torquing electronics 

3.3.1.2 Design Cri tera  

3.3.1.2.1 General Design Analysis  Cri ter ia .  - The GN&C subsystem s h a l l  
be designed capable of functioning a t  l i m i t  load conditions contained i n  
MHOl-01348-416. 

ICD 

3.3.1.2.2 Perfornrance Margins. 

3.3.1.2.2.1 Multiple Failure. - The decision t o  design fo r  single o r  
multiple fa i lures  shall be based on the expected frequency of occurrence 
as it af fec ts  subsystem re l i ab i l i t y  and safety.  

0 

3.3.1.2.2.2 Design Margins. - The GN&C subsystem shall be designed t o  
zero o r  positive margins of safety. 

3.3.1.2.2.1 Attitude Constraints. - Attitude control is permissible t o  
eliminate constraints which would impose excessive subsystem requirements, 
subject t o  a t t i t ude  manuever fue l  and other SC a t t i t ude  requirements. 

3.3.1.2.2.4 Thermal Control. - Thermal design of the GN&C subsystem shall 
normally use passive means of thermal control, such as insulation, coatings, 
and control of thermal resistances,  
thermodynamic considerations i n  establishing conceptual design and selection 
of working f lu ids  and materials for the subsystem such tha t  the maximum 
allowable temperature range consistent with other design considerations sha l l  
be provided. 
subject t o  fur ther  negotiation between contractor(s) .  

Full cognizance sha l l  be taken of 

L Thermal design may incorporate the application of cold plates 
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3.3.1.3 Weights. - The weight of the  xmjor assemblies of the  G M C  equiynent 
shall not exceed those specified in  I C D  MHO1-01356-416. 
a l l  assemblies, components and parts, shall not exceed 400 pounds. 

The t o t a l  weight of 
a 

Y 

3.3.2 Selection of Specifications and Processes. - Not applicable. 

a 3.3.3 kterials, Parts,  and Processes. - 
3.3.3.1 Fl-ble kterials. - kterials that may support combustion o r  a r e  
capable of producing flaxmuable gases (which i n  addition t o  other additives 
t o  the  environment, may reach a flarmnable concentration) shall not be used i n  
areas where the environment o r  conditions are such t h a t  combustion would take 
place. 

3.3.3.2 Toxic kterials. - Unless specific written approval is obtained 
f r o m  the NASA, materials that produce toxic e f fec ts  o r  noxious substances 
when exposed t o  CM in t e r io r  conditions shall not be used. 

3.3.3.3 Unstable bbterials. - kterials that emit o r  deposit corrosive 
substances, induce corrosion, o r  produce e lec t r ica l  leakage paths within 
an assembly, shall be avoided o r  protective measures incorporated. 

3.3.4 standard Materials, parts, and Processes. - 
3 . 3 . 4.1 
shall be i n  accordance with specification M S F C - P R O C - ~ ~ ~ ,  as amended by 

Soldering Requirements . - The soldering of e lec t r ica l  connectors 

0 MSC-ASPO-S- 5 . 
3.3.5 Moisture and Funrsu s Resistance. - Fungus-inert materials shall be 
used t o  the greatest  extent practicable. 
used if properly treated t o  prevent fungus growth fo r  a period of time, 
dependent upon t h e i r  use within the CSM. When used, fungus-nutrient 
materials shall be hermetically sealed or  treated f o r  fungus and shall not 
adversely affect equipment perfomnce o r  service l ife.  

Fungus-nutrient Illaterials may be 

3.3.6 
type o r  shall be suitably protected t o  resist corrosion during normal service 
l i fe .  Gold, s i lver ,  platinum, nickel, chromium, rhodium, palladium, titanium 
cobalt, corrosion-resistant steel, t i n ,  lead-tin alloys, t i n  alloys, Alcad 
aluminum, o r  suff ic ient ly  thick platings of these metals may be used without 
additional protection or  treatment. 

Corrosion of Metal parts. - A l l  metals shall be of corrosive-resistant 

c 
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C Y -  

3.3.6.1 D i s s i m i l a r  Metals. - 
e lec t ro ly t ic  corrosion, dissimilar metals, as defined i n  MS-33586, sha l l  not 
be used i n  intimate contact. 

Unless suitably protected o r  coated t o  prevent 0 
9 

3.3.6.2 Elec t r ica l  Conductivity. - Materials used i n  electronics o r  e l ec t r i ca l  
connections shall have such characterist ics that, during specified environ- 
mental conditions, there sha l l  be no adverse e f fec t  upon the conductivity of 
the connect ions. a 

393.7 Interchangeability and Replaceability . - Not applicable. 

3.3.8 Workmnship. - Not applicable. 

3.3.9 Electromagnetic Interference. - The GN&C equiment shall not generate 
electromagnetic interference i n  excess of ,  o r  be susceptible t o  electromagnetic 

I 

interference within, the allowable l imits-of Specification MIL-I-26600/ 
MSC -EMI-10 

Bonding requirements, wire treatment, and signal c lass i f ica t ion  sha l l  be pro- 
vided i n  accordance with Specification MIL-I-26600/NSC -EMI-10 and supplemented, 
as required, by applicable ICD' s . 
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C 
4.0 QUALITY ASSURANCE 

4.1 Quality Control, - NASA shall be responsible for the quality control 
provisions required to insure that the GFE requirements specified are 
in accordance with the overall Apollo Quality Assurance Program. 

0 
7 

J 

4.2 
required to assure that the GFE specified are in accordance with the 
overall Apollo Reliability Program. 

Reliability. - NASA shall be responsible for the reliability provisions 

5.0 PREPARATION FOR DELIVERY 

5 . 1  Responsibility.- The NASA shall be responsible for the preparation 
and shipment of the GFE specified. 

6.0 NCllES 

6.1 
the methods used in computing and justification for the CSM A V  values shown 
in Table I. 

MSC Internal Note No. 65-FN-56 dated 6 k y  1965. - Subject Note describes 

6.2 Interface Control Documents (ICD).- The following ICD's are subject 
to the following terms and conditions: 

a. The ICD's shall be approved and dated prior to completion 
of the Critical Design Review (CDR). 

b. At completion of the CDR, the approved ICD's will be 
deleted from this section (6.0 Notes) and incorporated 
in paragraphs 2.0 and 3.0 as applicable. 

C. Subsequent to CDR, a Specification Change Notice (SCN) 
w i l l  be required to change an approved ICD. 

Guidance, Navigation, and Control Subsystem 
Interface Control Documents 

Title Number - 
Nav. Base to CM Structure mol-01301-116 

Computer to LEB Structure mol-01302-116 

PSA to LEB Structure ~~01-01303-116 

G&N Controls & Displays to 
LEB Structure 
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t G&N Wire Routing to LEB Structure 

C W  to TVC Servo Amplifiers MHO1-01307-216 

Coolant Lines, and Connections to G&N MH01-01308-11.6 

G&N External/Internal Leakage MHO1-01311-416 
C&N Installation Handling Equipment 
Attach Points MHOl-01313-100 

SIC to Optical bnge in 290 MHO1-01314-100 

Optical Field of View Installed MHO1-01315-116 

Eyepiece and Misc. Equipment Stowage MHO1-0131.6-116 

Attitude Error Signals MHO1-01324-216 

Total Attitude Signals 

Electrical Input Power 

G&N Data Transmission to Operational 
Telemetry MHO1-01328-416 

ICTC and PSA Adapter Module to SID 
Cable Set MHO1-01335-200 

Condition and Display Lights MHO1-01342-416 

Mode Control Signals MHO1-01344-216 

C&N Thermal Requirements mol-01349-416 

G&N Installation Procedure MHO1-01350-416 

Materials Compatibility MHO1-01251-416 

MIT Optical GSE to SID Optical 
A1 i w e n t  Support 

c 
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Special R?D Meas. f o r  2TV-1 MKO1-01375-416 0 
9 Elec t r ica l  Power t o  M I T  Optical GSE MHO1-01376-100 

AGC Elec t r ica l  Interface mol-01380-216 

LTC t o  GSE Hatch ~~01-01381-100 

Electrical Power t o  LTC ~~01-01382=200 

PSA Adapter Module Kardline Downlink ~~01-01383  - 200 

Attitude Error Signals t o  Saturn WN 141101-01386-216 

Lighting, Design Req., Functional 
Performance Criteria MHO1-01388.416 

G&N/ACE Signal Conditioners MHO1-01390-200 

Nomenclature, k r k i n g s ,  and Color mol-0 5174-414 
(CM/LEM Control and Display 
Standardization) 
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C 

t 

A B 
e +PITCH JETS NO. 3 AND 1 

- PITCH JETS NO. 2 AND 4 
+ Y A W  JETS NO. 7 A N D  5 

8 +ROLL JETS NO. 1 1  A N D  9 
- Y A W  JETS NO. 6 A N D  8 

9 -ROLL JETS NO. 10 A N D  12 

LOOKING WKWWKU \ /  
VIEW 

Figure 4. Command Module Reaction Jet Configuration Systems A and B 
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C 

CURVE A IS AVERAGE OF FOUR (4) - 5 SECOND RUNS 
CURVE B IS FOR RUNS GREATER THAN 5 SECONDS 

Figure 6. Specific Impulse vs Propellant Temperature 

h 
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Mission Phase  

LEM Rescue 

3 

Patch Conic 
Calibration 

Bias Guidance 

Minimum Flexi - Contin- 
Possible  bility Mean 3 0  Mean 3 ~ 7  gencies 

- - - - - 68 0 
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CONF- 

~~~ ~ 

T r a n  s ea r th  
Injection 

2600 

Table I. Service Module Service Propulsion Subsystem AV Budget 

TRANSLUNAR 

400 85 (15) 3 -  - 

Mission Phase  

Midcour se:% 

Lunar Orbit 
Inertion 

~ ~~ 

Patch Conic 
calibration 

Bias  -7- Guidance 

Contin- Weight 
R eporting 

68 

3445 

7 
RSS of 3aVa lues  

Total 

TRANSEART H 

Weight 
R epo rting 

680 

3088 

40 

Total I 3870 

':<Midcourse allowance based on 2 f t / s e c  AV available in RCS budget for 

3:ca:cMidcourse allowance based on 6 fps AV available in the RCS for vernier  
vern ier  correct ion.  

cor rec t ions .  

48 
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Table II. Saturn S-IVB Auxiliary Propulsion Subsystem 
Propellant Allotment 

(To be determined) 
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